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[BRIGHTNESS CORRECTION 
APPARATUS AND METHOD FOR 
PLASMA DISPLAY] 

Background of invention 

[0001 ] Field of the Invention 

[0002] The invention relates in general to a plasma display, and more particularly, to a 
brightness correction apparatus and method of a plasma display. 

[0003] Description of Related Art 

[0004] Generally, display apparatus can be classified into two major types. One is the 

display using the cathode ray tube (CRT), and the other is the flat panel display. Being 
lighter and thinner than the cathode ray tube display, and having a display image that 
is neither distorted nor interfered by a magnetic field, the flat panel display has 
gradually replaced the conventional cathode ray tube display to become the user 
favorite. 

[0005] Commonly seen flat panel displays in the market include the liquid crystal display 
(LCD) and plasma display panel (PDP). The plasma display panel, which can be 
fabricated with a large display area, is specifically applicable for certain events and 
locations. In the discharge driving circuit of the plasma display, a field is typically 
divided into several sub-fields, while each sub-field has a specific number of sustain 
pulses. The display for different gray scale inputs is then achieved by a different 
allocation combination for each sub-field. 

[0006] 

Referring to Figure 1, a field of a plasma display is divided into several sub-fields. 
Figure 1 shows an example of dividing a field into 8 sub-fields SFO to SF7, and each 
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them includes a constant address period 10 and a different sustain period 20 
according to various numbers of sustain pulses. The more the sustain pulses are, the 
longer the sustain period 20 lasts. Assuming that 8 bits are used to represent the gray 
scale of the plasma display, there are 256 gray scales, 0-255, to be represented. 
Assuming that the number of the sustain pulses of the sub-field SFO Is 5, and the 
number of the sustain pulses SF1 to SF7 are 10, 20, 40, 80, 160, 320 and 640, 
respectively, the sub-fields SFl to SF8 represents the gray scales 2, 4, 7, 1 3, 26, 46, 
68 and 90, respectively. Other gray scales can be assembled by allocations of different 
sub-fields. For example, the gray scale 5 can be obtained by the combination of the 
sub-fields SFO and SF2, and the gray scale 160 can be represented by the combination 
of the sub-fields SF5 and SF7. Accordingly, different gray scale data corresponding to 
the sustain pulse numbers further correspond to the display brightness of the display 
pixels. 

[0007] However, due to factors such as discharging features or luminescence properties 
of fluorescent objects, a linear relationship between the actual display brightness and 
the sustain pulse number cannot exist. Normally, as shown in Figure 2, the larger the 
sustain pulse number, the large the deviation is. Therefore, a brightness error 
between the ideal display brightness and the actual display brightness of the gray 
scale data occurs. To correct such brightness errors, U.S. Patent No. 5,943,032 issued 
to Fujitsu Corp. proposed a method to adjust the sustain pulse number, and U.S. 
Patent No. 6,088,009 issued to LG Corp. disclosed a method for adding a pseudo 
pulse to obtain a simple linear relationship between the gray scale and the brightness. 
However, as the adjustment is applied to the sustain pulse number for each sub-field 
only instead of adjusting each gray scale, the effect is still limited. 

Summary of Invention 

[0008] The present invention provides brightness correction apparatus and method of a 
plasma display allowing an enhanced display effect between the gray scale and picture 
brightness of a plasma display. 



[0009] 



In the brightness correction apparatus provided by the present invention, the 
brightness error between ideal display brightness and actual display brightness for 
each gray scale data of the plasma display has been established as a reference for the 
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circuit thereof in advance. The brightness correction apparatus comprises an inverse y 
conversion lookup unit, an error diffusion unit and a gray scale allocation lookup unit. 
The inverse y conversion lookup table is used to receive an input signal and convert 
the input signal into a first gray scale data to be output according to the inverse y 
conversion rule. The error diffusion unit is coupled to the inverse y conversion lookup 
unit to receive the first gray scale data. Further, a second gray scale data is output by 
modifying the first gray scale data with consideration of the display brightness error 
of the neighboring pixel of the currently displaying pixel. The brightness error of the 
second gray scale data is looked up and recorded as the brightness error for the 
currently displaying pixel. The gray scale allocation lookup unit is coupled to the error 
diffusion unit to receive the integral portion of the second gray scale data, and to 
obtain the desired output gray scale allocation by looking up a gray scale allocation 
table. 

[0010] In one embodiment of the present invention, the error diffusion unit of the 

brightness correction apparatus of the plasma display includes an adder, a brightness 
error lookup circuit, and a weighted error supply circuit. The adder is used to receive 
the first gray scale data, and to sum up the first gray scale data and the weighted 
display brightness error of the neighboring pixel of the currently displaying pixel as 
the second gray scale data to be output. The brightness error lookup circuit is coupled 
to the adder to receive the integral portion of the second gray scale data, and to look 
up the brightness error table to obtain the brightness error of the currently displaying 
pixel. The weighted error supply circuit is coupled to the adder and the brightness 
error lookup circuit to save the brightness error received from the brightness error 
lookup circuit as the display brightness error of the currently displaying pixel. The 
display brightness error of the neighboring pixel of the currently displaying pixel is 
weighted to obtain the weighted display brightness error required by the adder. 

[001 1] 1^ another embodiment of the present invention, the error diffusion unit of the 
brightness correction apparatus of the plasma display comprises a first adder, a 
brightness error lookup circuit, a second adder, and a weighted error supply circuit. 
The first adder is used to receive the first gray scale data, and to sum up the first gray 
scale data and the weighted display brightness error of the neighboring pixel of the 
currently displaying pixel as the second gray scale data to be output. The brightness 
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error lookup circuit is coupled to the first adder to receive the integral portion of the 
second gray scale data, and to lool< up the brightness error table to obtain the 
brightness error of the currently displaying pixel. The second adder is coupled to the 
first adder and the brightness error lookup circuit to receive the decimal portion of 
the second gray scale data and the brightness error of the currently displaying pixel, 
so as to sum up the decimal portion of the second gray scale data and the brightness 
error as the display brightness error of the currently displaying pixel to be output. The 
weighted error supply circuit is coupled to the first adder and the second adder to 
save the display brightness errors of the neighboring pixel and the currently 
displaying pixel. The display brightness error of the neighboring pixel of the currently 
displaying pixel is weighted to obtain the weighted display brightness error required 
by the first adder. 

[0012] The present invention further provides a brightness correction apparatus for a 
plasma display of which ideal display brightness and actual display brightness for 
each gray scale has been established. The brightness correction apparatus comprises 
an inverse y conversion lookup unit, an error diffusion unit, an integer gray scale 
lookup unit and a gray scale allocation lookup unit. The inverse y conversion lookup 
unit is used to receive an input signal, and according to the inverse y conversion rule, 
to convert the input signal into a first gray scale data to be output. The error diffusion 
unit is coupled to the inverse y conversion unit to receive the first gray scale data, and 
to output a second gray scale data derived by modifying the first gray scale data with 
consideration of the display brightness error of the neighboring pixel of the currently 
displaying pixel. Further, the brightness error of the second gray scale data is looked 
up and recorded as the display brightness error of the currently displaying pixel after 
being modified. The integer gray scale lookup unit is coupled to the error diffusion 
unit to receive the integral portion of the second gray scale data, and to obtain a third 
gray scale data by looking up the integer gray scale table. The gray scale allocation 
unit is coupled to the integer gray scale lookup unit to receive the third gray scale 
data, and to look up the gray scale allocation table to obtain the sustain pulse number 
of the currently displaying pixel to be output. 

[001 3] ^^ ^j^g embodiment of the present invention, the error diffusion unit of the 
brightness correction apparatus of the plasma display includes a first adder, a 
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brightness error lookup circuit, a subtracter, a second adder, and a weighted error 
supply circuit. The first adder is used to receive the first gray scale data, and to sum 
up the first gray scale data and the weighted display brightness error of the 
neighboring pixel of the currently displaying pixel as the second gray scale data to be 
output. The brightness error lookup circuit is coupled to the first adder to receive the 
integral portion of the second gray scale data, and to look up the brightness error 
table to obtain the brightness error of the currently displaying pixel. The subtracter is 
coupled to the first adder and the integer gray scale lookup unit to receive the second 
gray scale data and a third gray scale data, and to obtain a gray scale error by 
subtracting the second gray scale with the third gray scale data. The second adder is 
coupled to the subtracter and the brightness error lookup circuit to receive the gray 
scale error and the brightness error of the currently displaying pixel, so as to sum up 
the gray scale error and the brightness error into a display brightness error to be 
output. The weighted error supply circuit is coupled to the first adder and the second 
adder to save the display brightness errors of the neighboring pixel and the currently 
displaying pixel. The display brightness error of the neighboring pixel of the currently 
displaying pixel is weighted to obtain the weighted display brightness error required 
by the first adder. 

[0014] In the above embodiments, the brightness error table includes a lookup table for 
integral portion G and brightness error E of the gray scale data. Assuming that the 
actual measured gray scale and brightness is represented by a function B ^ (G), and 
the ideal gray scale and brightness has the relationship of function B(C), preferably, 
the calculation formula for establishing the brightness error table is E=[(B(C)-B ^ 
(G))/B ^ (G)]*G. If the input signal is S, and the first gray scale data is G1 , it is 

2.2 

preferable that CI =(S/255) *255 for the inverse y conversion rule with an NTSC 
input signal. 

[001 5] |p adcljtjon, the present invention further provides a brightness correction method 
for a plasma display comprising the following steps. A brightness error between the 
ideal display brightness and the actual display brightness for each gray scale data is 
measured to establish a brightness table. When the first gray scale data of the 
currently displaying pixel is received, the first gray scale data is added with a 
value of the display brightness error of the neighboring pixel of the currently 
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displayed pixel into a second gray scale data to be output. The brightness error table 
is looked up to obtain the brightness error of the second gray scale data. The 
brightness error of the second gray scale data is recorded as the display brightness 
error of the currently displaying pixel. Preferably, the recorded brightness error 
includes the decimal of the second gray scale data. 

[0016] It is known from the above that the present invention provides a brightness 

correction apparatus and method for a plasma display. Because the brightness error 
diffusion has weighted and modified the display brightness error of the neighboring 
pixel of each of the currently displaying pixels, a spatial uniformity results, and a 
better picture brightness display effect is obtained. 

Brief Description of Drawings 

[001 7] These, as well as other features of the present invention, will become more 
apparent upon reference to the drawings wherein: 

[001 8] Figure 1 is a schematic drawing of a field of a plasma display divided into several 
sub-fields; 

[0019] Figure 2 schematically shows the relationship between the sustain pulse number 
and the brightness of a plasma display; 

[0020] Figure 3 shows a brightness correction apparatus in the first embodiment of the 
present invention; 

[0021] Figure 4 shows a brightness correction apparatus in the second embodiment of 
the present invention; 

[0022] Figure 5 shows a brightness correction apparatus in the third embodiment of the 
present invention; 

[0023] Figure 6 shows the schematic arrangement of the pixels of the plasma display; 
and 

[0024] Figure 7 shows the process flow of a brightness correction method of a plasma 
display according to the present invention. 
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Detailed Description 



[0025] 



Referring to the relationship between sustain pulse and brightness as shown in 



Figure 2, due to the discharging features and brightness properties of fluorescent 
objects, the sustain pulse and the brightness of a plasma display are not in a simple 
linear relationship. Consequently, the fidelity of the displayed picture is lost due to the 
brightness error between the gray scale and the brightness. To resolve such problems, 
before actually outputting the gray scale data, the brightness error has to be 
considered and offset. Therefore, establishing a brightness error table for mutually 
mapping the gray scale data and the brightness error by measuring the ideal display 
brightness and the actual display brightness for each gray scale of the plasma display 
in advance is necessary. 

[0026] Assuming that the relationship is shown in Figure 2, of which the abscissa 

indicates the sustain pulse number, as described above, by corresponding the gray 
scale 1 to 20 sustain pulses, the abscissa of figure 2 corresponds to the gray scale 0 
to 7. Figure 2 only illustrates gray scales 0 to 7. Although other gray scales are not 
shown, they can be measured and illustrated in a similar manner. The ideal value 
curve in Figure 2 indicates the desired relationship between the gray scale and the 
brightness. If the gray scale is represented by G, the brightness function is 
represented by B(G). Althougha linear function is targeted here, people of ordinary 
skill in the art can use other non-linear functions according to specific applications. 
The actual measured curve in Figure 2 indicates the relationship between the actual 
measured gray scale and the brightness, which is represented by function B ^ (G). A 
function of brightness error E for these two functions is established as:E=F(B(G)-B ^ 
(G)), while the function used in the current embodiment is:E=[(B(G)-B ^ (G))/B ^ (G)] 
*Glt is appreciated that this is not to limit the present invention, while people skilled 
in the art may make modifications according to specific requirements. In Figure 2, 
when the sustain pulse number is 80 for the gray scale 4, the brightness error E=[(80- 
600/60]*4=4/3. Accordingly, the brightness error table with the gray scale and the 
brightness error mutually mapping each other is established. 

[0027] Referring to Figure 3, an embodiment of a brightness correction apparatus for a 
plasma display according to the present invention is illustrated. The brightness 
correction apparatus 300 of the plasma display includes an inverse y conversion 
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lookup unit 31 0, a gray scale allocation lookup unit 330, and an error diffusion unit 
320 which further comprises an adder 321 , a brightness error lookup circuit 322 and 
a weighted error supply circuit 323. 

[0028] The inverse y conversion lookup unit 310 is used to receive an input signal S, and 
converts the input signal S into a first gray scale data Gl to be output according to 
inverse y conversion rule. According to color display principle, the input signal S 
Includes a red, green, or blue input signal. Using an NTSC signal as an example, the 

inverse y conversion rule is Gl =(S/255) ^'^ *255. 

[0029] The adder 321 is used to receive the first gray scale data Gl , and to obtain a 
second gray scale data by summing the first gray scale data Gl and a weighted 
display brightness error of a neighboring pixel of a currently displaying pixel. The 
objective of such calculation is to consider the display brightness error of the 
neighboring pixel of the currently displaying pixel, and to offset by brightness error 
diffusion, allowing a picture closer to the ideal value. 



[0030] 



The brightness error lookup circuit 322 is coupled to the adder 321 to receive the 
integral portion of the second gray scale data, and to look up the brightness error 
table to obtain the brightness error of the currently displaying pixel. For example, in 
the brightness error table established above, the second gray scale data of the gray 
scale 4 is input, and the corresponding brightness error is % . The brightness error % 
is Input to a memory apparatus 324 of the weighted error supply circuit 323 to be 
stored as the display brightness error of the currently displaying pixel. According to 
the principle, the memory apparatus 324 will store the display brightness errors of the 
neighboring pixels of the previously sequentially displayed currently displaying pixels. 
The display brightness errors are weighted to obtain the weighted display brightness 
error required by the adder 321 . For this embodiment, the display brightness error of 
the four neighboring pixels of the currently displaying pixel are weighted with 
weighting value a, b, c, d via the multipliers 326, 327, 328 and 329, respectively, 
where a+b+c+d is preferably equal to 1 . The method to obtain the neighboring pixels 
is shown in Figure 6. When the currently displaying pixel is g, the pixels A, B, C and F 
are extracted. When P is the currently displaying pixel, the pixels H, I, J and O are 
weighted. Although this embodiment uses four neighboring pixels calculated by four 



APP_ID=10064527 



Page 8 of 23 



-H„ijJ ^l^jj^- rj» C .fi*' iu lUl ILJJ c 

multipliers to obtain the weighted display brightness errors, it is appreciated that 
amount of the neighboring pixels and the method for obtaining them are variable. 

[0031] The gray scale allocation lookup unit 330 is coupled to the error diffusion unit 
320 to receive the integral portion of the second gray scale data, and to look up a 
gray scale allocation table to obtain the sustain pulse number of the currently 
displaying pixel to be output. 

[0032] Referring to Figure 4, a second embodiment of a brightness correction apparatus 
for a plasma display according to the present invention is shown. Similarly, the 
brightness correction apparatus 400 of the plasma display includes an inverse y 
conversion lookup unit 410, a gray scale allocation lookup unit 430 and an error 
diffusion unit 420. The difference is that the error diffusion unit 420 includes a first 
adder 421 , a brightness error lookup circuit 422, a second adder 423, and a weighted 
error supply circuit 424. The operation principles of the inverse y conversion lookup 
unit 410, the gray scale allocation lookup unit 430, the first adder 421 , the brightness 
error lookup circuit 422, and the weighted error supply circuit 424 including the 
multipliers 426, 427, 428, 429 and the memory apparatus 425 are similar to those 
described in the first embodiment. A detailed description is not given again. The 
major difference is the addition of the second adder 423, which is used to calculate 
the decimal error generated by the inverse y conversion lookup unit 41 0. As such 
decimal error will be ignored by the gray scale allocation lookup unit 430, it is thus 
added into the calculation of brightness error before the brightness error is saved in 
the memory apparatus 425 as the display brightness error of the currently displaying 
pixel. 

[0033] 

Figure 5 illustrates a brightness correction apparatus for a plasma display in the 
third embodiment of the present invention. As shown in Figure 5, the brightness 
correction apparatus 500 includes an inverse y conversion lookup unit 510, an integer 
gray scale lookup unit 530, a gray scale allocation unit 540 and an error diffusion unit 
520. The principles of the inverse y conversion lookup unit 510 and the gray scale 
allocation lookup unit 540 are the same as those in the previous embodiments. 
However, to resolve the problems of dynamic false contour, an additional integer gray 
scale lookup unit 530 is provided to use a gray scale input and output lookup table to 
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replace the unwanted output gray scale by other gray scales. For example, when gray 
scales 45 and 46 are desired not to be output, the gray scale output of gray scale 44 
or 47 generated by the lookup table can be used to replace the input gray scales 45, 
46. 



include a first adder 521, a brightness error lookup circuit 522, a subtractor 523, a 
second adder 524, and a weighted error supply circuit 525 which includes multipliers 
527, 528, 529, 531 and a memory apparatus 526. The first adder 521 , the brightness 
error lookup circuit 522, the multipliers 527, 528, 529, 531 and the memory 
apparatus 526 are similar to those diescribed in the previous embodiments. To 
simultaneously consider the decimal error generated by the inverse y conversion 
lookup unit 510 and the integer error generated by the integer gray scale lookup unit 
530, the subtractor 523 is used to calculate the gray scale error between the decimal 
error and the integer error. Before saving brightness error into the memory apparatus 
526, the gray scale error is included by the second adder 524 for calculating the 
display brightness error of the currently displaying pixel to be stored. In addition, the 
integer gray scale lookup unit 530 may be integrated into the gray scale allocation 
lookup unit 540. For example, when gray scales 45 and 46 are not to be output, the 
gray scales 45 and 46 are mapped to gray scale 44 in the gray scale allocation table in 
the gray scale allocation lookup unit 540. Meanwhile, the brightness error table of the 
brightness error lookup circuit 522 must also comply with the brightness errors for 
adjusting the gray scales 45 and 46. Apart from the different gray scale allocation 
table and the brightness table, the combined circuit structure is similar to the first or 
second embodiment. 

Accordingly, a brightness correction method of a plasma display is shown in 
Figure 7, which includes the following steps. The brightness errors of the ideal display 
brightness and actual display brightness for each gray scale are measured to establish 
a brightness error table (S71 0). When the first gray scale data of the currently 
displaying pixel is received, the weighted value of the display brightness error of the 
neighboring pixels of the currently displaying pixel are added to the first gray scale 
data as a second gray scale data to be output (S730). According to the second gray 
scale data, the brightness error table is looked up to obtain the brightness error 



[0034] 



To comply with such circuit variation, the error diffusion unit 520 is modified to 
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thereof (S740). The brightness error of the second gray scale data is recorded as the 
display brightness error of the currently displaying pixel (S750). In this brightness 
correction method, the decimal portion of the second gray scale data is preferably 
combined with the brightness error obtained in step S740 for calculation and recorded 
as the display brightness error. 

[0036] According to the above, the present Invention includes at least the following 
advantages: 

[0037] 1 . As the brightness error between the ideal display brightness and the actual 
display brightness of the gray scale of the plasma display is considered and 
compensated by the brightness error diffusion, better picture quality and display 
effect are obtained. 

[0038] 2. The gray scales unwanted for output can be converted into other gray scales for 
output and compensated by brightness error diffusion. 

[0039] Other embodiments of the invention will appear to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is 
intended that the specification and examples are to be considered as exemplary only, 
with a true scope and spirit of the invention being indicated by the following claims. 
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